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[bookmark: _Ref506539118]Introduction
In study on evolution of NR duplex operation, the following were decided during the last RAN1 meetings on dynamic/flexible TDD operation [3][4][5]:
	Agreement
· For discussion in AI 9.3.3, consider the deployment scenarios for dynamic/flexible TDD which are agreed for evaluation purpose under AI 9.3.1 in RAN1#109-e.
· Under AI 9.3.3., no more discussion about the deployment scenario for potential enhancement on dynamic/flexible TDD 
Agreement
At least, following interference scenarios can be considered for study of dynamic/flexible TDD:
· gNB-to-gNB inter-cell co-channel interference
· UE-to-UE inter-cell co-channel interference
Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2

Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2

Conclusion
The following self-interference scenario and inter-subband CLI scenarios are not considered under AI 9.3.3 (Potential enhancements on dynamic/flexible TDD).
· gNB self-interference
· UE-to-UE intra-cell co-channel inter-subband CLI
· UE-to-UE inter-cell co-channel inter-subband CLI
· gNB-to-gNB inter-cell co-channel inter-subband CLI

Agreement
Study the feasibility and potential benefits of gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource configuration
· Measurement details
· Relevant information exchange
· Usage of measurement

Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB

Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details of coordinated scheduling for time/frequency resources 
· Relevant information exchange

Agreement
Study the feasibility and potential benefits of spatial domain coordination method for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, the study at least includes:
· Details for spatial domain coordination 
· Relevant information exchange
Note1: Study can include method for FR1 and FR2

Agreement
Study the feasibility and potential benefits of coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Details of coordinated scheduling for time/frequency resources
· Relevant information exchange (if needed)

Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI handling based on spatial domain coordination method which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic /flexible TDD, at least includes:
· Details for spatial domain coordination by gNB
· Relevant information exchange (if needed)
Note1: Study can include method for FR1 and FR2

Conclusion
No further discussion for potential enhancement to Rel-16 RIM for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Conclusion
No further discussion for sensing based mechanism for gNB-to-gNB co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD.

Conclusion
No further discussion for sensing based mechanism (i.e. LBT) for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD

Agreement
For gNB-to-gNB co-channel CLI measurement, the potential benefit of uplink resources muting can be studied further.
Note: Proponents of uplink resource muting are encouraged to provide evaluation result for comparison of performance between two cases when uplink resource muting based gNB-gNB CLI handling schemes including both UE transparent and non-UE transparent schemes is applied or not.

Agreement
For gNB-to-gNB co-channel CLI measurement, consider as baseline reusing existing DL channel(s)/signal(s)/measurement_resource(s)
· For example, SSB, NZP/ZP-CSI-RS, DMRS for PDCCH/PDSCH, CSI-IM, RSSI measurement resource, etc.
· FFS: Which type of DL channel(s)/signal(s) can be used for gNB-to-gNB co-channel CLI measurement
· FFS: How resources are used/configured

Agreement
For UE-to-UE co-channel CLI measurement, consider as baseline reusing existing channel(s)/signal(s)/measurement_resource(s)
· For example, SRS resources defined in Rel-16 for SRS-RSRP measurement, CLI-RSSI resources defined in Rel-16 for CLI-RSSI measurement
· FFS potential enhancements

Agreement
For UE-to-UE co-channel CLI handling, study L1/L2 based UE-to-UE CLI measurement and reporting
· Note: Accounting for UE processing/reporting delay – companies to share their assumptions
· Note: Proponents are encouraged to provide the mechanism of L1/L2 based CLI measurement and reporting, and to provide the benefits of L1/L2 based CLI measurement and reporting compared with existing L3 CLI/CSI measurement and report with evaluation result
· Note: Accounting for information exchange delay between gNBs (if applicable)

Agreement
For details of spatial domain coordination method for gNB-to-gNB co-channel CLI handling, at least followings can be studied. 
· Recommended/restricted Beams between gNBs
· Beam nulling between gNBs
· Beam pairing between gNBs
· Other schemes are not precluded. 

Conclusion 
Under AI 9.3.3, no further discussion on UE side advanced receiver for UE-to-UE co-channel CLI handling which can be specific for dynamic/flexible TDD and/or common for both SBFD and dynamic/flexible TDD 


In this contribution, we present our further views on potential enhancements on dynamic/flexible TDD considering the relevant decisions from early RAN1 meetings. It is noted the solution common for both SBFD and dynamic/flexible TDD is also discussed in the contribution. 
Cross-link Interference for Dynamic/Flexible TDD
Existing Solutions for Interference Mitigation
In NR, TDD UL/DL configuration can be semi-statically configured by gNB via tdd-UL-DLConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. In addition, dynamic TDD without or with semi-static TDD UL/DL configuration was introduced, where gNB may dynamically allocate UL and DL resources so as to match the instantaneous traffic conditions for UL and DL transmissions, respectively. This dynamic/flexible operation may help in maximizing resource utilization and improving the UE throughput.
However, for dynamic/flexible TDD system, cross-link interference (CLI) may arise due to different transmission directions among neighbouring gNBs in a same frequency resource, which may substantially degrade the system performance. Figure 1 illustrates cross-link interference for dynamic/flexible TDD system. In the figure, two types of CLI can be observed under dynamic TDD operation: UE-to-UE interference and gNB-to-gNB interference. In particular, for UE-to-UE interference, CLI arises when UL transmission of an aggressor UE from neighbouring gNB interferes with DL transmission of a serving gNB to a victim UE, while for gNB-to-gNB interference, CLI is generated when DL transmission of an aggressor gNB interferes with UL transmission of a UE targeted for a victim gNB. 
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[bookmark: _Ref100910963]Figure 1. Illustration of two types of cross link interference (CLI)
In Rel-14, studies have been conducted on how to mitigate cross-link interference under dynamic/flexible TDD operation. As summarized in [1], it was demonstrated that duplexing flexibility with cross-link interference mitigation shows better user throughput compared to static UL/DL operation or dynamic UL/DL operation without interference mitigation in indoor hotspot (4GHz and 30GHz) and urban macro scenarios (4GHz and 2GHz). The mitigation techniques include coordinated scheduling/beamforming, power control, link adaptation, and hybrid dynamic/static UL/DL resource assignment.
In Rel-16, in order to mitigate CLI and thereby improve system level performance in dynamic/flexible TDD system, CLI measurement and reporting from UE, including SRS-RSRP and CLI-RSSI were introduced. In this case, gNB may obtain certain statistic information regarding potential UE-to-UE interference between UEs of different cells. Further, network coordination mechanism was specified to allow gNB to exchange the information of intended TDD DL/UL configuration. 
[bookmark: _Ref111223937]Inter-operator gNB-to-gNB CLI
As illustrated in the Figure 1, gNB-to-gNB CLI occurs when DL transmission of an aggressor gNB interferes with UL transmission of a UE targeted for a victim gNB. With certain level of coordination among gNBs, e.g., exchanging information of intended UL/DL configuration for TDD operation as introduced in Rel-16, the gNB-to-gNB CLI can be suppressed or mitigated to some extent, especially for synchronous network. In particular, with this knowledge on the UL/DL resource configuration of neighbouring gNBs, the scheduler may make appropriate decisions on the transmission and reception in DL/UL slots so as to avoid/mitigate cross-link interference.  
However, for inter-operator gNB-to-gNB CLI, the existing solution, which relies on network coordination among gNBs, may not work well for effective interference mitigation, due to the timing offset under asynchronous network. Note that the inter-gNB CLI may arise from the adjacent channel CLI due to out of band emission, or co-channel CLI, depending on the deployment scenario. While implementation-based solutions may work for dynamic/flexible TDD across cells belonging to the same operator, for inter-operator dynamic/flexible TDD operation, such implementation-based gNB-to-gNB CLI mitigation schemes may not be feasible. 
Figure 2 illustrates one example of inter-operator gNB-to-gNB CLI with asynchronous network. From this figure, it can be observed that as the timing between gNBs is not aligned, gNB-to-gNB CLI may come from not only the same slot, but also the adjacent slots. This may make some interference mitigation solutions, e.g., advanced receiver-based approach, more challenging. The observation applies to both dynamic TDD and SBFD. 
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[bookmark: _Ref101276072]Figure 2. Inter-operator gNB-to-gNB CLI under asynchronous network
Observation 1
· For inter-operator dynamic TDD/SBFD operation, gNB-to-gNB CLI may be more pronounced due to asynchronous networks.
Discussions on Potential Enhancements on Dynamic TDD/SBFD
[bookmark: _Ref111226348]gNB-to-gNB CLI mitigation 
Amongst the techniques for gNB-to-gNB CLI mitigation identified during RAN1 #109-e, the first three techniques were agreed for further study, while there is no conclusion on the last two techniques yet.
1. CLI measurement and reporting
2. Coordinated scheduling
3. Spatial domain coordination
4. Power control enhancements
5. Timing synchronization assistance information exchange between gNBs

CLI measurement and reporting  
In NR, only UE-to-UE interference measurement and reporting has been specified till date, but gNB-to-gNB or TRP-to-TRP measurements have not been introduced. Similar to what was defined for UE-to-UE CLI mitigation in Rel-16, CLI measurement and reporting among gNBs may be employed for gNB-to-gNB CLI handling. Figure 3 illustrates an example procedure for CLI measurements and reporting for gNB-to-gNB CLI mitigation.


[bookmark: _Ref100909792]Figure 3. Example procedure for CLI measurement and reporting for gNB-to-gNB CLI mitigation
Both short-term and long-term gNB-to-gNB CLI measurements can be considered. 
· Short-term CLI measurement: this instantaneous L1 measurement and report can allow gNB scheduler to assign resource and quickly adapt to fast changing environment and channel/interference conditions. Typically, CSI/CQI like or RSRP/RSSI measurement can be used for measurement. 
· Long-term CLI measurement: the L3 measurements are filtered in order to reduce the impact of short-term variance, e.g., fast fading. In Rel-16, SRS-RSRP and CLI-RSSI measurement is obtained based on long term metrics for CLI mitigation.  
With backhaul with short latency, e.g., ideal backhaul, the exchange of short-term CLI measurement enables timely coordination of scheduling decision at the two gNBs. Otherwise, the long-term CLI is more suitable for the exchange between the two gNBs.
For a second gNB (victim gNB) to do CLI measurement, the first gNB (aggressor gNB) transmits CLI-RS. NZP CSI-RS would be a rather suitable candidate CLI-RS, and thus, corresponding configurations of NZP CSI-RS may be exchanged between gNBs to facilitate inter-gNB CLI measurements and reporting. Other signals including SSB and DMRS of PDCCH/PDSCH can be considered too. The configuration should at least include time/frequency resource of the CLI-RS. Further, to better reflect the interference property for beam-based DL/UL transmissions, the information on the QCL assumption can be provided for a CLI-RS from the aggressor gNB.
It is agreed in last RAN1 meeting that ZP CSI-RS or CSI-IM can reused to configure the resource for CLI measurement. The following 3 options can be considered to interpret the configured ZP CSI-RS or CSI-IM. 
· Option 1: The victim gNB can blank certain resources that is configured by the ZP CSI-RS or CSI-IM, i.e., the blanked resource will not be used for UL transmission. Consequently, the CLI measurement by the victim gNB is not interfered by the UL transmission. However, it is not necessary for a gNB to configure ZP CSI-RS or CSI-IM resources to preclude UL transmissions. In fact, if these are identified as UL resources for the victim gNB, configuration of ZP CSI-RS or CSI-IM resources simply do not apply. 
· Option 2: An aggressor gNB can blank certain resources that is configured by the ZP CSI-RS or CSI-IM. For example, if aggressor gNB A transmit a CLI-RS and aggressor gNB B blanks the REs of the CLI-RS, the accuracy for CLI measurement of the aggressor gNB A can be improved. Depending on the nature of CLI-RS and measurements involved, e.g., if only RSSI-type measurements are defined, such blanking from one of multiple aggressor gNBs may be considered, although even in such cases, due to typical time-averaging applied over multiple CLI-RS occasions, the overall benefits from such muting may not be significant. On the other hand, if CQI/CSI/RSRP-type measurements are defined, then a victim gNB would anyway need to detect the CLI-RS from aggressor gNB A and muting/blanking from aggressor gNB B may be less impactful. 
· Option 3: The configuration of ZP CSI-RS or CSI-IM is only used as a container for aggressor gNB to indicate which REs can be used for CLI measurement at victim gNB. It is not restricted whether an aggressor gNB can transmit any channel/signal on the REs or not. Further, it is not restricted whether the victim gNB can schedule UL transmission on the REs or not. 
Thus, usefulness of ZP CSI-RS or CSI-IM resources for gNB-to-gNB CLI measurements remains to be established. 
Further, resource blanking can be configured by means of UL resource configuration for better CLI measurement accuracy. A victim gNB may implicitly generate the blanked resource by avoiding UL resource allocation on the resource. Alternatively, a victim gNB may explicitly configure the blanked resource, e.g., via the existing mechanisms of cancellation indication, etc. Since multiple mechanisms are already available for UL resource blanking in the existing specifications, it is not preferred to introduce additional scheme for the same purpose. 
Observation 2
· For gNB-to-gNB CLI mitigation, the necessity of configuration of ZP CSI-RS or CSI-IM resources remains to be established.

Proposal 1
· For gNB-to-gNB CLI mitigation,
· NR CSI-RS as candidate for CLI-RS as a starting point. The configuration on the time/frequency/spatial information on the CLI-RS needs to be exchanged between gNBs. Other signals including SSB and DMRS of PDCCH/PDSCH can be considered too. 
· Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic
· CLI measurements may be categorized as short-term and long-term interference measurements
· Short-term CLI metrics may be defined based on CSI/CQI- or L1-RSRP/RSSI-like measurements
· Long-term CLI metrics may be defined based on CLI-RSRP- or CLI-RSSI-like measurements
· UL resource blanking can be explicitly configured via existing mechanisms in NR or implicitly by  gNB scheduling. 

Coordinated scheduling
Coordinated scheduling schemes are well-acknowledged as key enablers for dynamic TDD adaptation to enable effective management of inter-cell interference. Though inter-cell interference is relatively smaller for SBFD compared with dynamic TDD, e.g., only inter-subband CLI if subband configuration is aligned between gNBs, coordinated scheduling is also a useful tool to reduce inter-cell interference for SBFD. In this context, the coordination between gNBs may include inter-gNB information exchange on user selection, DL or UL resource blanking/muting, scheduled PRBs or subbands, etc. DL resource blanking in the aggressor gNB can be considered to protect the UL transmission at the victim gNB. Resource blanking may be realized at different granularities – to facilitate not only user scheduling but also accurate measurements by UEs or other gNB(s), and can be defined at RE- or groups-of-RE-level (e.g., ZP CSI-RS), symbol-level, PRB-level, slot-level, etc. UL resource blanking can be supported by the existing mechanisms, e.g., cancellation indicator, or not scheduling any UL transmission in the resource that is interfered by the aggressor gNB. However, it may be complicated to blank only part of a PUSCH/PUCCH that may be interfered by the interference from aggressor gNB. It is preferred that the victim gNB should do proper scheduling to avoid UL resources with strong cross-link interference. 
Thus, it would be imperative for RAN1 to study coordinated scheduling schemes further to identify potential information exchange between gNBs or assistance information exchange between UE and gNB to facilitate inter-gNB coordination to enable effective operation of dynamic/flexible TDD/SBFD.

Proposal 2
· For coordinated scheduling, study resource blanking and related information exchange between gNBs
· DL resource blanking at aggressor gNB help to protect the UL transmission at the victim gNB
· UL resource blanking at victim gNB can be supported by the existing mechanism on the UL resources that is interfered by the aggressor gNB.    
· Additional solutions for UL resource blanking by a transmitting UE may involve significant UE complexity and further justifications may be needed.

Spatial domain coordination
With the prevalence of MIMO-based systems, spatial domain coordination becomes a specific form of coordinated scheduling that focuses on information exchange and coordination amongst nearby gNBs for effective inter-cell interference management in the spatial dimension. The application of spatial domain coordination motivates beam based CLI measurement.
The intended Tx beams or beam nulling information of aggressor gNB can be signalled from the aggressor gNB to the victim gNB. The preferred/not-preferred Tx beams of the aggressor gNB can be signalled from victim gNB to the aggressor gNB. If the not-preferred Tx beams is indicated, the aggressor gNB may avoid scheduling a DL transmission using the indicated not-preferred beams. If the preferred Tx beam is indicated, the victim gNB may schedule a UL transmission that is not interfered by the preferred Tx beam from aggressor gNB, i.e., beam nulling at victim gNB. A new framework to identify and exchange such information should be studied for potential specification support. For instance, Tx beams may be identified implicitly by reference to CLI-RS resources, configurations of which may be exchanged between gNBs as described in context of CLI measurement and reporting. 

Proposal 3
· For spatial domain coordination, 
· The intended Tx beams or beam nulling information of aggressor gNB can be signalled from the aggressor gNB to the victim gNB. 
· The preferred/not-preferred Tx beams of the aggressor gNB can be signalled from victim gNB to the aggressor gNB. 

Power control enhancements
Though there was no conclusion in last meeting, it is expected that power control enhancements, e.g., using UL PC to compensate against higher interference at victim gNB receiver, may be used as an effective tool in certain scenarios that may allow operation at relatively higher Interference Over Thermal (IoT) margins. 
This approach can be seen as analogous to the motivation of enhanced UL PC introduced for inter-UE prioritization as part of Rel-16 URLLC, and the related feature should be considered as a starting point to identify necessary additional enhancements. For example, the separate open-loop power control parameters can be configured in different slot or symbols depending on the fixed or dynamic/flexible UL resource allocation. 
Proposal 4
· Power control enhancement can be studied, e.g., separate open-loop power control parameters can be configured for different UL transmissions. 

Timing synchronization assistance information exchange between gNBs
As mentioned in Section 2.2, for inter-operator dynamic TDD operation where tight coordination is typically not feasible, gNB-to-gNB CLI may be more pronounced due to timing offset under asynchronous network. In addition, even for a single operator case, since transmissions from an aggressor gNB is not necessarily aligned to arrive according to the receiver FFT window of a victim gNB, the inter-gNB CLI measurements may be impacted. 
To address the issue for gNB-to-gNB CLI due to timing offsets present in practice, certain timing-synchronization assistance information may be considered for exchange between gNBs that could further facilitate accurate synchronization via Over the Air Synchronization (OAS) in addition to existing methods relying on GNSS, Network Time Protocol (NTP), Precision Time Protocol (PTP, e.g., IEEE 1558). In this regard, gNB may determine relative timing offset in conjunction with TDD UL/DL configurations so as to suppress the cross-link interference and enable more efficient allocation of guard bands for inter-operator scenarios on different carriers. Such information can also allow better estimation of CLI at victim gNB Rx and its management. Multiple options can be considered for the timing alignment
· Option 1: The aggressor gNB may adjust the Tx timing of the CLI-RS to align the reception timing at victim gNB
· Option 2: The victim gNB may adjust the Rx timing for CLI-RS to align with the arrival timing of the CLI-RS 
· Option 3: The victim gNB may adjust the Rx timing of all UL receptions in victim gNB to align with the arrival timing of the CLI-RS. 
Option 1 or 3 are not preferred since it may cause large impact of scheduling at aggressor gNB or at victim gNB. 

Proposal 5
· For gNB-to-gNB CLI mitigation, study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs to enable better CLI estimation and its management.

UE-to-UE CLI mitigation 
Similar to gNB-to-gNB CLI handling, of the techniques for UE-to-UE CLI mitigation identified during RAN1 #109-e, the first three techniques were agreed for further study, while there is no conclusion on the last two techniques yet.:
1. UE-to-UE CLI measurements and reporting
2. Coordinated scheduling
3. Spatial domain coordination
4. Power control enhancements
5. Timing synchronization assistance information exchange between gNBs

UE-to-UE CLI measurements and reporting  
In NR Rel-16, L3 CLI measurement and reporting at UE were specified, which mainly focused on long-term statistic of interference. To capture short-term interference characteristic, L1 CLI measurement and reporting at UE was agreed for potential enhancement on dynamic TDD/SBFD operation. The L1 CLI measurements can be CLI-RSRP, CLI-RSSI, or CSI/CQI. This may be more desirable, especially when considering beam-oriented system, e.g., in FR2, where more dynamic channel and interference conditions are expected. The L1 or L3 CLI measurements can be exchanged between the aggressor gNB and victim gNB. 
In Rel-14, several studies have been conducted to demonstrate the benefit of L1 CLI measurement and reporting at UE side [1]. For instance, as presented in our contribution, higher user packet throughput can be achieved by fast measurement and report and link adaptation in dynamic TDD system [3]. In our view, the dynamic CLI report can help handle the instantaneous interference conditions for intra-cell scenario, which allows gNB to make appropriate scheduling and link adaptation decision in a timely manner. Moreover, for SBFD operation, UE-to-UE inter-subband CLI happens within same serving cell. CLI handling for UEs within same serving cell would be much easier and more efficient than inter-cell case studied in Rel-14 because it does not require coordination between neighbouring gNBs. Without burden of substantial information change and undesirable latency for backhaul for inter-cell coordination, L1 CLI handling is more efficient so that gNB could immediately apply interference avoidance/coordination or link adaptation for UEs under same serving cell. 
To support dynamic CLI measurement and report at UE, both periodic or aperiodic L1 measurement and report can be supported. The UE processing/reporting delay for L1 CLI can be similar to the latency for existing CSI measurement/reporting, though the measured reference signal and report quantity may be different. Existing SRS framework as defined in NR can be extended for potential enhancement on L1 CLI. More specifically, aperiodic SRS based measurement and reports, e.g., SRS-RSRP can be triggered by gNB in order to capture dynamic interference statistic, which can be exploited by the gNB to make proper scheduling and link adaptation decision. Other measurement such as RSSI or CSI/CQI can be considered too. For Beam-based L1 CLI measurement, gNB may configure multiple CLI resources to enable CLI measurement with different Tx beams and Rx beams for a potential pair of aggressor and victim UEs in the same cell. The Tx beam information can be transparent or non-transparent to the victim UE, while the Rx beam information should be explicitly indicated, e.g., by providing reference signal for QCL assumption for Rx spatial filtering. Figure 4 illustrates one example of L1 aperiodic CLI measurement and reporting at UE. Besides SRS, DMRS of PUSCH can be another source for CLI measurement. For the UE in same or different cells in the same gNB, the gNB can coordinate periodic, semi-persistent or aperiodic SRS or PUSCH transmission of an aggressor UE and the CLI measurement at victim UE. On the other hand, if the UEs belong to different gNB, information exchange between gNB is needed which is impacted by the backhaul delay. 
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[bookmark: _Ref101180412]Figure 4. L1 CLI measurement and reporting at UE
Proposal 6
· For UE-to-UE CLI mitigation,
· The L1 CLI measurements including subband CLI measurements for SBFD can be CLI-RSRP, CLI-RSSI, or CSI/CQI
· SRS and/or PUSCH (DMRS) from aggressor UE as CLI-RS as starting point
· Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic
· Beam information can be configured for a CLI measurement resource. 
· The measurement resources and L1 or L3 CLI measurements can be exchanged between the aggressor and victim gNBs.

Coordinated scheduling
For coordinated scheduling schemes, the key framework and basic considerations are similar to that for gNB-to-gNB CLI mitigation as described in Section 3.1. 
Proposal 7
· For UE-to-UE CLI mitigation, study coordinated scheduling schemes focusing on:
· Inter-gNB information exchange on user selection;
· Inter-gNB information exchange on DL/UL resource blanking/reservation/muting
· Inter-gNB information exchange on scheduled PRBs, subbands, etc.
· Assistance information between UE and gNB to facilitate coordinated scheduling.

Spatial domain coordination
For coordinated scheduling schemes, the key framework and basic considerations are similar to that for gNB-to-gNB CLI mitigation as described in Section 3.1. 

Proposal 8
· For UE-to-UE CLI mitigation, study spatial domain coordination schemes focusing on:
· Inter-gNB information exchange on use of or intended Tx beams;
· Inter-gNB information exchange on preferred/not-preferred Tx beams;
· Methods for identification of Tx beams.

Power control enhancements
For UE-to-UE CLI mitigation, power control-based interference management can be abstracted by the general method of using UL PC to minimize interference caused by an aggressor UE transmitting UL to a victim UE receiving DL signals or channels. However, a common framework for UL PC may be considered to address both gNB-to-gNB and UE-to-UE CLI. 
Proposal 9
· For UE-to-UE CLI mitigation, study potential power control enhancements to enable dynamic UL power reduction to minimize interference at a victim UE in another cell.
· Consider a common UL PC framework to address the above, and as a starting point, the UL PC enhancements specified for inter-UE prioritization as part of Rel-16 URLLC/IIoT.

Timing synchronization assistance information exchange between gNBs
Consideration on timing synchronization assistance information exchange between gNBs apply to the UE-to-UE CLI mitigation in a way similar to that for gNB-to-gNB CLI mitigation, but more pronounced, especially if L1 UE-to-UE CLI measurements are to be introduced. In addition, such information at a gNB scheduler can enable the gNB to process and relay the assistance information to a served UE for proper adjustment of its reception window, e.g., for measurements by the UE on CLI resources. In Rel-16, it was left up to UE implementation to apply a suitable time offset for reception on CLI resources, but it remains unclear how UE implementation may determine such time offset values with a high degree of confidence without any assistance from the network. 
To elaborate, for UE-to-UE CLI measurements, a victim UE is required to perform measurements on CLI resources that are used by an aggressor UE to transmit the CLI-RS, e.g., SRS. However, as an aggressor UE is expected to transmit using UL timing advance (TA) that is targeting its own serving cell, there can be cases when the propagation delay from the aggressor UE to its serving cell is very different to a victim UE in a neighboring cell. Consequently, for the victim UE the CLI resource may not be fully included within the receiver window if the latter is set according to the victim UE’s serving cell DL timing – CLI-RS may arrive at the victim UE “too early” or “too late” compared to the victim UE’s Rx window. This would impact the accuracy of the measurements for UE-to-UE CLI. 
Note that, for Rel-16, the impact due to this misalignment may have been acceptable as the measurements pertained to L3 filtered measurements and thus, somewhat more robust to reception window timing errors. However, if L1 UE-to-UE CLI measurements are to be introduced, it would be required to ensure that the victim UE can align its reception window appropriately for appropriate measurements of the cross-link channel. Similar to the discussion for gNB-to-gNB CLI, multiple options can be considered for the timing alignment
· Option 1: The UL Tx timing of the CLI-RS of the aggressor UE may be adjusted to align the reception timing at victim UE
· Option 2: The Rx timing for CLI-RS of the victim UE may be adjusted to align with the arrival timing of the CLI-RS 
· Option 3: The Rx timing of all DL receptions of the victim UE may be adjusted to align with the arrival timing of the CLI-RS. 

Option 1 or 3 are not preferred since it may cause large impact of scheduling at aggressor UE or at victim UE. With Option 2, due to the potential unaligned Rx timing of the desired DL reception and that of the interfering UL transmission from aggressor UE, the actual CLI interference will be a bit different from the measurement on CLI-RS. Such a mismatch can be handled by UE implementation. 

Proposal 10
· For UE-to-UE CLI mitigation, study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs and potential assistance information from a serving gNB to a UE for adjustment of reception time window for CLI measurements. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our further views on potential enhancements on dynamic/flexible TDD. Further, we summarize our views through the following observation and proposals:
Observation 1
· For inter-operator dynamic TDD/SBFD operation, gNB-to-gNB CLI may be more pronounced due to asynchronous networks.
Observation 2
· For gNB-to-gNB CLI mitigation, the necessity of configuration of ZP CSI-RS or CSI-IM resources remains to be established.

Proposal 1
· For gNB-to-gNB CLI mitigation,
· NR CSI-RS as candidate for CLI-RS as a starting point. The configuration on the time/frequency/spatial information on the CLI-RS needs to be exchanged between gNBs. Other signals including SSB and DMRS of PDCCH/PDSCH can be considered too. 
· Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic
· CLI measurements may be categorized as short-term and long-term interference measurements
· Short-term CLI metrics may be defined based on CSI/CQI- or L1-RSRP/RSSI-like measurements
· Long-term CLI metrics may be defined based on CLI-RSRP- or CLI-RSSI-like measurements
· UL resource blanking can be explicitly configured via existing mechanisms in NR or implicitly by  gNB scheduling. 
Proposal 2
· For coordinated scheduling, study resource blanking and related information exchange between gNBs
· DL resource blanking at aggressor gNB help to protect the UL transmission at the victim gNB
· UL resource blanking at victim gNB can be supported by the existing mechanism on the UL resources that is interfered by the aggressor gNB.    
· Additional solutions for UL resource blanking by a transmitting UE may involve significant UE complexity and further justifications may be needed.
Proposal 3
· For spatial domain coordination, 
· The intended Tx beams or beam nulling information of aggressor gNB can be signalled from the aggressor gNB to the victim gNB. 
· The preferred/not-preferred Tx beams of the aggressor gNB can be signalled from victim gNB to the aggressor gNB. 
Proposal 4
· Power control enhancement can be studied, e.g., separate open-loop power control parameters can be configured for different UL transmissions. 
Proposal 5
· For gNB-to-gNB CLI mitigation, study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs to enable better CLI estimation and its management.
Proposal 6
· For UE-to-UE CLI mitigation,
· The L1 CLI measurements including subband CLI measurements for SBFD can be CLI-RSRP, CLI-RSSI, or CSI/CQI
· SRS and/or PUSCH (DMRS) from aggressor UE as CLI-RS as starting point
· Measurement and reporting periodicity: may be periodic, semi-persistent, or aperiodic
· Beam information can be configured for a CLI measurement resource. 
· The measurement resources and L1 or L3 CLI measurements can be exchanged between the aggressor and victim gNBs.
Proposal 7
· For UE-to-UE CLI mitigation, study coordinated scheduling schemes focusing on:
· Inter-gNB information exchange on user selection;
· Inter-gNB information exchange on DL/UL resource blanking/reservation/muting
· Inter-gNB information exchange on scheduled PRBs, subbands, etc.
· Assistance information between UE and gNB to facilitate coordinated scheduling.
Proposal 8
· For UE-to-UE CLI mitigation, study spatial domain coordination schemes focusing on:
· Inter-gNB information exchange on use of or intended Tx beams;
· Inter-gNB information exchange on preferred/not-preferred Tx beams;
· Methods for identification of Tx beams.
Proposal 9
· For UE-to-UE CLI mitigation, study potential power control enhancements to enable dynamic UL power reduction to minimize interference at a victim UE in another cell.
· Consider a common UL PC framework to address the above, and as a starting point, the UL PC enhancements specified for inter-UE prioritization as part of Rel-16 URLLC/IIoT.
Proposal 10
· For UE-to-UE CLI mitigation, study timing synchronization assistance information exchange between gNBs to enable improved estimation of timing offsets between neighboring gNBs and potential assistance information from a serving gNB to a UE for adjustment of reception time window for CLI measurements. 
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